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(54) Radio transmitting apparatus and gain control method for the same 


(57) Gain control is performed on an input signal to 
an orthogonal modulator used in a radio transmitting 
apparatus in such a manner that the level of the input 
signal talis within the proper operation range of the 
orthogonal modulator. At the time of amplifying ard out- 
putting the output of the orthogonal nrKxdulator, gain 
control executed with the reciprocal of a control gain 


for the input signal to the orthogonal modulator. Accord- 
ingly, the input to the orthogonal modulator of an adap- 
tive array antenna can be compensated within the 
proper range to er^ure the proper operation of the 
orthogonal modulator. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a radio transmitting apparatus which transmits signals to an adaptive array 
antenna, and a gain control method for the radio transmitting apparatus. 

10 Description of the Related Art 

An adaptive array antenna transmitting apparatus, which is well known as a radio transmitting apparatus, canri^ 
out transmission with directivity by transmitting the same signal from a plurality of antennae while changing tiie ampli- 
tude and phase of the signal. The process for altering the anplrtude and phase can be accomplished by perform mul- 
15 tiplication on an analog signal or by perform multiplication on a digital signal. Because tiie process on a digital signal 
has a higher precision than on an analog signal, the multiplication is often executed on a digital signal by using a com- 
plex multiplier. 

FIG. 5 exemplifies an adaptive array antenna transmitting apparatus. As illustrated, this apparatus performs mod- 
ulation on a transmission signal S by means of a baseband modulator 501 , and then performs vector multiplication with 
20 different complex weight coefficients and W2 by means of vector multipliers 502 and 503. The signals resulting from 
the multiplication are converted to analog signals by D/A (Digital-to-Analog) converters 504 to 507. The analog signals 
are subjected to orthogonal modulation by orthogonal nrKXlulators 508 and 509, and then filtered by band-pass filters 
510 to 513. The filtered signals are amplified by power amplifiers 514 and 515 and are then transmitted from antennae 
A and B. 

25 The orthogonal modulators 508 and 509 used in the above process have a modulation characteristic as shown in 
FIG. 6 witii respect to tiie input signal level. The characteristic is such that the modulation precision becomes equal to 
or greater than p, which is a practical range, when the input signal level lies between (a - Ai) and (a + Ag). and the mod- 
ulation precision becomes the highest when the input signal level is a. 

The adaptive array antenna fransmitting apparatus fransmits a signal multiplied by a complex weight coefficient 

30 antenna by antenna. When the anplitude IW^I of the complex weight coefficient is small, therefore, inputs to tiie 
orthogonal modulators become smaller, whereas when the amplitude [W^l of the complex weight coefficient is large, 
inputs to the orthogonal modulators become large. When the amplitude IW^I of the complex weight coefficient is too 
small or too large, therefore, inputs to the orthogonal modulators do not fall in the range from (a - A^) to (a + A2). thereby 
reducing the modulation precision of the transmitting apparatus. 

35 Accordingly, it is an object of the present invention to provide an adaptive array antenna transmitting apparatus with 
a high modulation precision. 

SUMMARY OF THE INVENTION 

40 To achieve the above object, a radio transmitting apparatus according to this invention is designed to properly oper- 
ate orthogonal modulators by compensating the levels of input signals to the orthogonal modulators within the proper 
range. More specifically, the radio transmitting apparatus embodying this invention comprises a vector multiplication 
section for multiplying a transmission baseband modulation signal by a complex weight coefficient for directivity control: 
an orthogonal modulation section for performing ortfnogonal modulation on an output signal of the vector multiplication 

45 section; a gain control section for performing gain control on an input signal to the orthogonal modulation section based 
on a gain determined from the complex weight coefficient and a previously measured modulation precision character- 
istic of the orthogonal modulation section; and a transmission section for amplifying and transmitting an output of the 
orthogonal modulation section. 

The gain control section may perform gain control on the output signal of tiie vector multiplication section, or may 

50 perform gain control on the complex weight coefficient to be input to the vector multiplication section. The fansmission 
section amplifies the signal level attenuated by the gain conf ol to a proper output. This permits a fransmission output 
from each antenna to be kept at the proper level. The transmission output is optimized by performing gain control on a 
power amplifier in the f ar^mission section with ttie reciprocal of the control gain for the input signal to tiie orthogonal 
modulation section. 

55 If the gain control section is designed to perform gain control on a transmission signal of each code in a code divi- 
sion multiple access (CDMA) system, CDMA transmission can be carried out at the proper transmission level. In this 
case, transmission power control may be executed code by code. The gain for the transmission power amplifier to be 
used can be properly determined from factors, such as m antennae (m = 1 to M), n users (n = 1 to N). complex weight 
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coefficients W^,^. the modulation precision characteristic of the orthogonal modulation section and a transmission 
pwwer control amount for each code. 

Further, a radio transmitting apparatus according to another aspect of this invention Is designed to temporarily 
acquire a control gain, and comp^ensate an amount of shift from the input signal level which provides the optimal oper- 
5 ation of each orthogonal modulator, to thereby set the control gain again. This can permit every orthogonal modulator 
to perform the optimal operation with respect to every input signal. When the control gain is seA again, a signal of the 
proper level can be transmitted by carrying out transmission after performing gain control with the reciprocal of the re- 
set control gain in the transmission pxjwer anplifier. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a radio transmitting apparatus according to a first emtKxJiment of this invention; 
FIG. 2 is a block diagram of a radio transmitting apparatus according to a second embodiment of this invention; 
FIG. 3 is a t)lock diagram of a radio transmitting apparatus according to a third embodiment of this invention; 
15 FIG. 4 is a block diagram of a radio transmitting apparatus according to a fifth embodiment of this invention; 
FIG. 5 is a block diagram of a conventional radio transmittir^ apparatus; and 
FIG. 6 is an explanatory diagram of the modulation characteristic of an orthogonal modulator. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 

Radio transmitting apparatuses according to preferred emtxxJiments of the present invention will now be described 
specifically with reference to the accompanying drawings. The following description will be given on the premise that 
transmitting apparatuses of those embodiments are used in CDh/lA radio communications and are adaptive array 
antenna transmitting apparatuses which carry out directivity transmission. 

25 

First EmtKxfiment 

FIG. 1 is a block diagram of a radio transmitting apparatus according to the first emtjodiment of this inverrtion. 
Although the number of antennae is two to simplify the description, the fundamental operation is the same as in a case 
30 of using M antennae. In this emt>odiment, it is assumed that the input voltage v.s. modulation precision characteristic of 
an orthogonal modulator as shown in FIG. 10 has previously been measured and known. As there are M orthogonal 
modulators for M antennae, it is necessary to measure the characteristics of the individual orthogonal modulators in 
advance. A signal G which is the measured characteristic information of each orthogonal modulator is input to an asso- 
ciated gain controller. 

35 First, a transmission signal S1 is input to a baseband modulator 101. The baseband modulator 1 01 modulates the 
signal Si and outputs baseband modulation signals S2 and S3. Those signals S2 arxi S3 are respectively input to a 
vector multiplier 102 for an antenna A and a vector multiplier 103 for an antenna B. The vector multipliers 102 and 103 
perform vector multiplication of the signals S2 and S3 by complex weight coefficients W^ and W2. 

Gain controllers 105 and 106 perform gain control on the output signal of the vector multiplier 102 with a gain A^ in 

40 accordance with a gain control signal G1 from a gain control amount calculator 1 04, Likewise, gain controllers 1 07 and 
1 08 perform gain control on the output signal of the vector multiplier 1 03 with a gain Ag in accordance with a gain control 
signal G2 from the gain control amount calculator 104. 

D/A converters 109 to 112 convert those gain control signals to analog signals. Some of those analog signals are 
converted to an IF frequency signal S4 in an orthogonal modulator 113 by performing orthogonal modulation on the 

45 baseband signal of the antenna A. and the other analog signals are converted to an IF frequency signal S5 in an orthog- 
onal modulator 1 14 by performing orthogonal nriodulation on the baseband signal of the antenna B. 

Then, a mixer 1 15 converts the IF frequency signal S4 of the antenna A to a transmission frequency signal. A gain 
controller 1 17 as a power amplifier performs gain control on the transmission frequency signal with a gain B^ in accord- 
ance with a gain control signal G3 from the gain control amount calculator 104, and transmrts the resultant signal from 

50 the antenna A. Likewise, a mixer 1 16 converts the IF frequency signal S5 of the antenna B to a transmission frequency 
signal. A gain controller 11 8 as a power amplifier performs gain control on the transmission frequency signal with a gain 
B2 in accordance with a gain control signal G4 from the gain control amount calculator 104. and transmits the resultant 
signal from the antenna B. 

Note that BPFs (Band-Pass Filters) 1 19 and 121 before the mixers 115 and 1 16 are frequency filters for removing 
55 unnecessary signals after orthogonal modulation, and BPFs 120 and 122 following the mixers 115 and 116 are fre- 
quency filters for removing unnecessary signals after signal mixing. 

The gain control amount calculator 104 conputes the gains A^ and B^ in the gain corrtrol for the antenna A and the 
gains A2 and B2 in the gain control for the antenna B as follows. 
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For the antenna A. the gain control aniount calculator 104 calculates the gains A, and B, based on the character- 
istic information of the orthogonal modulator 113 and the conplex waghl coeffcient W,. Assuming that the orthogonal 
modulator 1 13 is so adjusted that when the optimal input voltage value is ai and |Wi | = 1 . the outputs of the D/A con- 
verters 109 and 110 become ai. the gain controller 104 performs control such that the gain A^ becomes 1/|Wi|. 
5 Because the transmission signal at the antenna output terminal should be multiplied by |Wi|, the gain Bi becomes |Wi| 
and is determined by an equation (1) given later. 

Ukewise with regand to the antenna B. the gains Aj and B2 are calculated based on the characteristic information 
of the orthogonal modulator 114 and the complex weight coefficient Wg. and the gain Ag becomes l/IWgl and B2 
becomes IW2I which is determined by the following equation (2). 
10 With m denoting an antenna number, the equations (1) and (2) become as follows. 

B„, = |W^| (2) 


IS 


The equations (1) and (2) will now be discussed. As an example. QPSK (Quadrature Phase Shift Keying) modula- 
tion system is to be i^ed. In the QPSK modulation system, mean transmission power becomes a value given by an 
equation (3) in which the first term indicates the power of a signal point (a. a) of the QPSK modulation system, the sec- 
ond term indicates the power of a signal point (a. -a) of the QPSK modulation system, the third term indicates the power 
20 of a signal point (-a. -a) of the QPSK modulation system, and the fourth term indicates the power of a signal point (-a. 
a) of the QPSK modulation system. The numbers of the signal points are ki. kg. kg and Kj, respectively, and the total 
number of signal points becomes K as shown in an equation (4). 

In the QPSK modulation system, mean transmission power when the transmission signal is multiplied by a weight 
coefficient W before transmission becomes a value given by an equation (5). It is to be noted however that as the weight 
25 coefficient W is a complex number, a signal point in the QPSK modulation system is also expressed by ^<jotr^]^ 
number As apparent from the above, mean transmission power changes from the value given by the equation (3) to the 
double value given by the equation (5) by multiplying the power by the weight coefficient. As the power changes by a 
factor of |W'2. tiie amplitude changes by a factor of IWj. 


30 


35 


(3) 


K 


(4) 


^ = ^ |V2aexp{y7t/4)xw|^^|V2aexp(-/,i/4)xw|2 +^|V2aexp(-y3W4)xwl^^J^H2aexp(+/3n/4)xw|^ (5) 

= ^2a^|w|^^2a^|w|^^2a^v.|^^2a=|w| = 

45 K 


50 


55 


As apparent from the above, the radio fransmitting apparatijs embodying this invention performs gain confrol A^ 
on the input signal to each orthogonal modulator and performs gain control B^, to return the signal level to the original 
signal level before transmission, so that tiie level of the input signal to the orthogonal modulator lies within a range from 
(a - Ai) to (a + A2). thereby ensuring high-output trar^mission while allowing the orthogonal modulator to operate with 
the optimal precision. 


Second Embodiment 


FIG. 2 presents a block diagram of a radio transmitting apparatus according to the second embodiment of this 
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invention. While the gain controllers 105 and 106. located before the associated D/A converters, carry out gain control 
with the gains and Ag in the first embodiment, gain controIlQ-s 205 and 207 carry out gain control on complex weight 
coefficients and W2 to be input to vector multipliers 202 and 203, with the gains A^ and Ag in the second embodi- 
ment. 

TTie gain controller 205 executes gain control by dividing the complex weight coefficient by control information 
G1 from a gain control amount calciiator 204. Ukewise, the gain controller 207 executes gain control by dividing the 
complex weight coefficient W2 by control information G2 from the gain control amount calculator 204. 

Further, a gain controller 21 7 as a power amplifier performs gain control on the transmission signal of the arttenna 
A v«th a gain Bi in accordance with a gain control signal G3 from the gain control amount calculator 204. and a gain 
controller 218 as a power amplifier performs gain control on the transmission signal of the antenna B with a gain Bg in 
accordance with a gain control signal G4 from the gain control amount calculator 204 as per the first embodiment 

Given that m is an antenna number, the gains Ai and A2 and the gains B^ and B2 in the gain controllers 205. 207, 
217 and 218 are determined by the following equations (6) and (7). 

According to the second entKxJiment, as apparent from the above, gain control is previously performed on the 
complex weight coefficients Wi and W2. so that the processes in the vector multipliers 202 and 203 need not alter the 
amplitude and have only to rotate the phase. It is thus possible to set the range for an input signal to an orthogonal mod- 
ulator constant with a simple circuit structure. 


Third Embodiment 

FIG. 3 presents a block diagram of a radio transmitting apparatus according to the third embodiment of this inven- 
tion. The description of this emtxxliment will discuss an adaptive array antenna transmitting apparatus of a multiple 
code CDMA communications system. To simplify the description, we let the number of antennae be two and the number 
of codes be two. In the description, a complex weight coefficient for a code n for the antenna m is generally denoted by 
W 

""'Radio transmitting apparatuses according to the third and subsequent embodiments execute gain control by com- 
pensating the amplitude of a conplex weight coefficient as per the second embodiment. The gain control scheme in the 
third embodiment may however employ either the gain control perfonned directly before a D/A converter after the exe- 
cution of vector multiplication as done in the first embodiment or the scheme of compensating the amplitude of a com- 
plex weight coefficient wrtiich is used in vector multiplication as done in tfie second embodiment. 

First, baseband modulators 301a and 301b receive a transmission signal SI and arranges it at signal points for 
transmission. Then, the baseband modulator 301a sends a baseband modulation signal S2 of a code 1 to a vector mul- 
\\p\\& 302a for the antenna A and a vector multiplier 303a for the antenna B. Ukewise. the baseband modulator 301b 
sends a baseband modulation signal S3 of a code 2 to a vector multiplier 302b for tiie antenna A and a vector multiplier 
303b for the antenna B. 

Next, gain controllers 305 and 306 perform gain control on complex weight coefficients Wi 1 and 2 of the code 
1 and code 2 to be transmitted from the antenna A in accordance with a control signal Gl from a gain control amount 
calculator 304. and send the gain-controlled complex weight coefficients 1 and 2 ^ vector multipliers 302a 
and 302b. Gain controllers 307 and 308 perform gain control on complex weight coeff icients y^2^ ^2,2 t^e 
1 and code 2 to be transmitted from tine antenna B in accordance witii a control signal G2 from the gain control amount 
calculator 304, and send the gain-confrolled complex weight coefficients W2,i and W2,2 to vector multipliers 303a 
and 303b. 

The vector multipliers 302a, 302b. 303a and 303b perform vector multiplication of the baseband modulation signals 
S2 and S3 and the gain-controlled complex weight coefficients WQ1 , WQ2, WG3 and WG4. 

Next, an adder 323 adds the outputs of the vector multipliers 302a and 302b of two separate systems, which 
become the te-ansmission signals from tiie antenna A. An adder 324 adds the outputs of ttie vector multipliers 303a and 
303b of two separate systems, which become the fransmission signals from the antenna B. Gain controllers 317 and 
318. which are power amplifiers, up-convert the D/A converted signals of those added signals to the transmission fre- 
quency band before fransmission from the antennae A and B as done in the first emlxxliment At ttiis time, the control 
gain B^ of ttie gain controll^s 317 and 318 is determined by tiie gain control amount calculator 304 based on ttie fol- 
lowing equation (8). 

When the numt>er of codes is two. the estimated value of a change in mean value of the inputs to tiie orthogonal 
modulators for the antenna 1 becomes larger by a factor given below. 
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VlW,.,l' + |W^.2l' (8) 

With the QPSK modulation system taken as an example, the equation (8) will be discussed. The transmission sig- 
5 nal is what is obtained by adding a signal of the code 1 multiplied by the complex weight coefficient ^ and a signal 
of the code 2 murtiplied by the complex weight coefficient 2- Given that the anplrtude is ^ x a. the phase becomes 
7t/4. 371/4, 5ic/4 and 77i/4, so that there are four QPSK signal points for the code 1 or 11 = 0. 1 , 2, 3. and there are also 
four QPSK signal points for the code 2 or 12 = 0, 1 . 2. 3. Four QPSK signal points for each code thus amount to a total 
of sixteen points. 

10 Assuming that there are multiple signals and those sixteen points will occur with an equal probability, the mean 
power is calculated from an equation (9). This equation is derived by using such a property that the combinations (11. 
12) of the phases of the code 1 and the code 2 will occur equally likely with a probability of 1/16. tt is apparent that the 
computation result differs from the value of the mean power when the weight coefficients shown in the equation (3) are 
not used. Thus, a change in amplitude takes a value given by the equation (9), 

75 /Vs obvious from the above, it is possible to estimate a mean value by a sinple method without actually calculating 
the mean value of transmission power for every transmission signal. 

/Mthough the foregoing desaiption has been given of the PSK (Phase Shift Keying) modulation system, this inven- 
tion can also be applied to the APSK (/Amplitude Phase Shift Keying) modulation system and QAf^ (Quadrature AjvypW- 
tude Modulation) system. 

20 

^3 = Z Z >/2aexpy(/i7i/2+7i/4)xw^ i+V2aexpy(/27i/2+n/4)xWi 2I (9) 
.0/2-0 

2 3 3 2 

25 = l|- E Z expy(/iK/2)x w^^+expy(/27iy2)xi/vi 2I 

.0/3-0 

= 2a='(|iv,,,|^+|ivi2l'^) 


30 

In the third embodiment, therefore, the gain controllers 305 and 306 perform gain control using the gains A-i which 
are acquired by respectively dividing the complex weight coefficient 1 of the code 1 for the antenna A to the vector 
multiplier 302a and the complex weight coefficient 2 code 2 to the vector multiplier 302b by an equation (10). 
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50 


Accordingly, transmission is executed after amplifying the gain Bi by an amount given by an equation (11) in the 
gain controller 317. 


Ukewise, gain control is executed using the gains Ag which are acquired by respectively dividing the complex 
weight coeffiaent Wg.i of the code 1 for the antenna B to the vector multiplier 303a and the complex weight coefficient 
W2,2 of the code 2 to the vector multiplier 303b by an equation (12). 


V|W2.il'+|W2,2l' (12) 

Accordingly transmission is executed after amplifying the gain 82 by an amount given by an equation (13) in the 
gain controller 318. 


7|W2.il^|W2.2l' (13) 

Given that with regard to the m-th antenna in antennae. A^ denotes the gain of gain control A„ -1 for the code 1 
and gain control Arn,2 ^or the code 2 and denotes the gain of the gain controllers 317 and 318, those gains can gen- 
55 erally be expressed by the following equations (14) and (15). 
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Through the formation in the case where the number of antennae is M and the number of codes is N, mean power 
is added with the power of the weight coefficient. Thus, the input to an orthogonal modulator becomes the square root 
of the added result. 

The control gains A„, and B^^ are respectively expressed by the following equations (16) and (17). 


w 


Tn«1 


IW^J' (16) 


S„, = 1M„ (17) 

15 As apparent from the above, the third embodiment is adapted to an adaptive array antenna transmitting apparatus 
which transmits multiple codes of the CDMA communications system in a multiplexed form. The radio transmitting 
apparatus of the third embodiment executes gain control in consideration of the increase in mean value which has 
resulted from the multiplication by the weight coefficient, so that all the orthogonal modulators can perform the optimal 
operation with respect to every input signal. 

20 

Fourth Embodiment 

The radio transmitting apparatus of the third embodiment performs gain control to keep the input to each orthogo- 
nal modulator constant by multiplying the complex weight coefficient W^^n of a code n for every m antennae by the coef - 
25 ficient shown in the equation (16). That is. the complex weight coefficient of each complex multiplier becomes what is 
given by an equation (18). 


30 \n-1 


In the actual hardware, however, the number of bits of a multiplier is finite. When the amplitude of the complex 
weight coefficient in the equation (18) is too large, therefore, the complex multiplier overflows so that the accurate oper- 
35 ation result cannot be obtained. When the amplitude of the complex weight coefficient is too small, on the other hand, 
the complex multiplier underflows, disabling the acquisition of the accurate operation result. 

It is thus necessary to avoid overflowing and underflowing of the complex multiplier by compensating the value 
given by the equation (1 8). The compensation for the equation (1 8) is to acquire the desired modulation precision based 
on the previously measured characteristic of each orthogonal modulator. Through this compensation, an orthogonal 
40 modulator having the characteristic as shown in FIG. 6 properly operates within the input range from (a - Ai) to (a + A2). 

As the circuit structure of the radio transmitting apparatus of the fourth embodiment is the same as that of the third 
embodiment except for the operation of the gain control amount calculator 304. the description will be given with refer- 
ence to FIG. 3. The gain control amount calculator 304 determines the gain control information G1 and G2 from the 
characteristic information G of the orthogonal modulators and complex weight coefficients j. g. and W2,2 
45 using the equationan (1 4). 

Then, the gain controllers 305. 306. 307 and 308 compute the values of the above individual complex weight coef- 
ficients in accordance with the equation (18). In accordance with which one of conditions (1) to (3) the computation 
results fall, the gain controllers 305. 306. 307 and 308 recalculate the gain control information G1 and G2. 

Condition (1): The case where there is an overflowing coefficient among the entire compensated complex weight 
50 coefficients for the m-th antenna. 

The complex weight coefficients are determined by an equation (19). Thus, the control gain is set to the values that 
are given by equations (20) and (21). Those equations mean conpensation to make the mean value of the inputs to the 
orthogonal modulators to (a - A^). This compensation irx:reases the complex weight coefficients by a factor of 
(a - A i)/a when the mean value of the inputs to the orthogonal modulators is set to a. Therefore, the complex weight 
55 coefficients do not overflow and the modulation precision does not get lower. When the complex weight coeff idertts are 
too large to compensate overflowing through the above process, the complex weight coeff rcients are set to a maximum 
but non- overflowing value. 
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a-A i 


(19) 


a-Ai 


ii 


(20) 


|W„„I' 


70 


(21) 


75 


20 


25 
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Condition (2): The case where there is an underf lowing coefficient among the entire compensated complex weight 
coefficients for the m-th antenna. 

The complex weight coefficients are determined by an equation (22). Thus, the control gain is determined by equa- 
tions (23) and (24). ^ , ^ *^ / 

Those equations mean conpensation to make the mean value of the inputs to the orthogonal modulators to (a + 
A2). This compensation increases the complex weight coefficients by a factor of (a + A 2)/a when the mean value of 
the inputs to the orthogonal modulators is set to a. Therefore, the complex weight coefficients do not overflow and the 
modulation precision does not get lower. When the complex weight coefficients are too small to compensate underflow- 
ing through the above process, the complex weight coefficients are set to a minimum value of "0" which does not under- 
flow. 

(22) 

.^-.^=.-^ (23) 

Condition (3): The case where none of the compensated complex weight coefficients for the m-th antenna overflow 

or underflow. .... w 

The complex weight coefficients are not compensated and the control gain is determined by equations (25) and 

(26). 


40 


m " " / ilrf ' rn,n 

45 B^^VA^ (26) 

As the output of an orthogonal modulator is multiplied by (a - A ^ )/a or (a + A ^)/a . the proper signal level can be 
acquired by increasing the gain by a factor of a/(a - A i) in any gain controller serving as a power amplifier at the time 

50 of transmission. ^4 
When the amplitude of any complex weight coefficient overflows or underflows, the radio transmitting apparatus 01 
the fourth embodiment can always keep the level of the input signal to the associated orthogonal modulator in the 
prcper range by recomputing the control gain. 

55 Fifth Embodiment 

In radio transmission, in some case, the gain of a transmission power amplifier is reduced to suppress undesired 
interference or reduce the amount of power used, or is increased to retain the line quality. This control is generally called 
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transmission power control. The fifth embodiment is directed to an adaptive array antenna transmitting apparatus >vhich 
performs transmission power control. 

FIG. 4 is a block diagram of a radio transmitting apparatus according to the frfth embodiment. This radio transmitting 
apparatus is the same as that of the third emkxxliment except tor the operation of a gain control amount calculator 404. 

5 The gain control amount calculator 404 receives the characteristic information G of orthogonal modulators, the 

complex weight coefficients 2. ^2,y and W2.2. the transmission power control informational of the code 1 and 

the transmission power control information C2 of the code 2. Then, the gain control amount calculator 404 determines 
gain control information G1 and G2 to gain controllers 405 and 406 using an equation (28) given below and determines 
gain control information G3 and G4 to gain controllers 407 and 408 using an equation (29) given below. 

10 Becaise the transmission power control is carried out code by code, with Cn denoting a transmission power control 
amount, the control information consists of the complex weight coefficient Wn,,n and transmission power Cn with 
respect to the antenna m and code n. In this case, the input to each orthogonal modulator is increased by a factor of 
??? as shown in an equation (27). 


15 


I 


(27) 


20 Therefore, the gain controllers 405. 406, 407 and 408 perform gain control on the complex weight coefficients, 
antenna by antenna, with the gain control amount given by an equation (28), and any gain controller serving as a 
transmission power amplifier executes gain control with the gain control amount 6^ given by an equation (29). 


^5 A^^V IT\C„\N^_„\' (28) 


30 


B. 


'Vn-1 


w r 

" m,n I 


(29) 


When a complex weight coefficient which has undergone amplitude compensation shown in the equation (28) is so 
large that the associated complex multiplier overflows, or when is so small that the associated complex multiplier under- 
35 flows, the connpensatlon as illustrated in the section of the fourth embodiment is executed. 

As apparent from the above, the radio transmitting apparatus of the fifth embodiment compensates for a variation 
in orthogonal modulator input which occurs as the transmission power control is carried out code by code. Even in exe- 
cuting transmission power control in adaptive array antenna transmission, therefore, transmission can be canied out 
with the proper precteion maintained in the multiplication of weight coefficients for adaptive array arrtenna transmission 
40 while the orthogonal modulators are operated with the proper precision. 

Sixth Embodiment 

The radio transmitting apparatuses of the above<lescribed embodiments controls gain controllers serving as 
45 power amplifiers with the control gain B^- Power amplifiers however cannot follow up a variation in control gain rap- 
idly depending on their operational characteristics. The sixth embodiment is designed to overcome this shortcoming. 

As the circuit structure of the radio transmitting apparatus according to the sixtii emlxxliment is the same as that of 
the first embodiment except for the operation of the gain coritrol amount calculator 1 04, the description will be given witii 
referwce to FIG. 1 . 

50 The gain control amount calculator 1 04 receives the characteristic information G of the ortiiogonal modulators and 
complex weight coefficients 1 and 2. and calculates temporary cortrol gain amounts G1 , G2, G3 and GT4 based 
on the equations (3) and (4). 

Then, the calculated temporary gain control amounts of the individual antennae and the followability of each power 
amplifier are determined. 

55 The first one of the determination procedures is to set the gain control amount which the associated power amplifier 
can follow up as a threshold value. Then, when the connputed gain corrtrol amount is less than the threshold value. It is 
determined that the power amplifier can follow up the gain control amount. When the computed gain control anrraunt is 
equal to or greater than the threshold value, on the other hand, it is determined that the power amplifier cannot follow 
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up the gain control amount 

Spedfically. the value of the gain control amount is compared with the threshold value P of the gain control 
amount based on which the follcwabilrty of the associated power amplifier is to be determined. When the gain control 
amount is smaller than the threshold value P. it means that the power amplHier can follow up the amount, so that the 

5 gain control amount calculator 104 sets the gain of the power ampiifjer to the gain control amount and operates the 
power amplifier with that gain. When the gain control amount B^ is greater than the threshold value P based on which 
the followability of the associated power amplifier is to be determined, it means that the power amplifier cannot follow 
up the amount, so that the gain control amount calculator 104 sets the gain of the power anrplifier to the followable 
threshold value P and operates the power amplifier with that gain. 

10 That is. when Bn,^ P. is used directly and A„ = 1/B„ . and when B„ = P . =: P and A^ = 1/P . 

The radio transmitting apparatus of the sixth embodiment, as obvious from the above, sets the control gain of each 
vector multiplier while giving some relativity with the control gain of the associated power anrplifier. The ^in control 
amount calculator 104 compensates the gain control characteristic of the power amplifier by setting the control gain B^ 
of the power ampFrf ier step tjy step, and re-setting the value of the control gain of the vector multiplier in association 

15 with the control gain B^ of the power anrplifier. 


Claims 

1 , A radio transmitting apparatus conrprising: 

20 

vector multiplication means(102.103) for multiplying a transmission baseband modulation signal by a conrplex 
weight coefficient for directivity control; 

orthogonal modulation means(1 13,1 14) for performing orthogonal nrwxlulation on an output signal of said vec- 
tor multiplication means(1 02. 1 03) ; 
25 gain control means(104) for performing gain control on an input signal to said orthogonal modulation 

means(1 13.1 14) based on a gain determined from said complex weight coefficient and a previously measured 
modulation precision characteristic of said orthogonal modulation means(l 13,114); and 
transmission means for amplifying and transmitting an output of said orthogonal modulation means (113.1 14). 

30 2. The radio transmitting apparatus according to claim 1 , wherein said gain control means executes gain control on 
said output signal of said vector multiplication means. 

3. The radio transmitting apparatus according to claim 1 , wherein said gain control means perforn^ gain control on 
said complex weight coefficient to l>e input to said vector multiplication means. 

35 . . 

4. The radio transmitting apparatus according to claim 1 , wherein said transmission means executes transmission 
after performing gain control on a reciprocal of a control gain with respect to an input signal to said orthogonal mod- 
ulation means. 

40 5. The radio transmitting apparatus according to daim 4. wherein said gain control means performs gain control on a 
transmission signal of each code in a code division multiple access (CDMA) system. 

6. The radio transmitting apparatus according to claim 5. wherein for m antennae (m = 1 to M). n users (n = 1 to N) 
and complex weight coefficients W^, „, said transmission means controls a gain of a power amplifier based on an 

45 estimated value of a change in a mean value of an input signal to said orthogonal modulation means which is deter- 
mined by a mean square of a power of complex weight coefficients for N i^ers. 

7. The radio transmitting apparatus according to claim 5. wherein said gain control means perforrrs gain control on 
an input signal to said orthogonal modulation means using a gain determined from said complex weight coeff ident, 

so said previously measured modulation precision characteristic of said orthogonal modulation means and a trans- 
mission power control amount for each code. 

8. The radio transmitting apparatus according to claim 4, wherein said for m antennae (m =s 1 to M), n users (n = 1 to 
N). complex weight coefficients W^.n and a transmission power control amount Cp. said transmission means con- 

55 trols a gain of a transmission power amplifier based on an estinr^ted value of a change in a mean value of an input 
signal to said orthogonal modulation means which is determined by a mean square of a power of a product of com- 
plex weight coefficients for N users and a transmission power control amount. 
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9. A radio transmitting apparatus comprising: 

vector multiplication means(102.103) for multiplying a transmission baseband modulation signal by a complex 
weight coefficient for directivity control; 
5 orthogonal modulation means(1 1 3. 11 4) for performing orthogonal modulation on an output signal of said vec- 

tor multiplication means(102.103); 

transmission means for amplifying and trarremitting an output of said orthogonal modulation means(l 13.114); 
and 

gain control means(104) for performing gain control on an input signal to said orthogonal modulation 
10 means(1 13,1 14) based on a gain determined from said complex weight coefficient and a previously measured 

modulation precision characteristic of said orthogonal modulation means(1 13,1 14), 

whereby said gain control means(104) executes gain compensation to increase a control gain based on 
an input level versus modulation precision of said orthogonal modulation means(1 13.1 14) if said vector multi- 
plication means(102.103) underflows when using a complex weight coefficient after gain control, and executes 
75 gain compensation to decrease said control gain based on said input level versus modulation precision of said 

orthogonal modulation means(113.114) if said vector multiplication means(102,103) overflows when using 
said complex weight coefficient after gain control. 

1 0. A gain control method for a radio transmitting apparatus comprising the steps of: 

20 

performing gain control on an input signal to an orthogonal modulator in such a way that a level of said input 
signal falls within a proper operation range of said orthogonal modulator; 
performing orthogonal modulation on a gain-controlled signal; and 

executing transmission after performing gain control on a signal after orthogonal modulation with a reciprocal 
25 of a control gain for said input signal to said orthogonal modulator. 

11. The gain control method according to claim 10. wherein said gain control step performs gain control on a signal 
resulting from vector multiplication of a transmission baseband modulation signal by a complex weight coefficient 
for directivity control. 

30 

12. The gain control method according to daim 10. wherein said gain control step performs gain control on a complex 
weight coefficient tor directivity control, by which a transmission baseband modulation signal is to be multiplied. 

13. The gain control method according to daim 11 or 12, wherein said gain control step indudes the steps of: 

35 

determining if underflow or overflow occurs at a time of performing said vector multiplication; and 
compensating a control gain when underflow or overflow is determined to occur when using a complex weight 
coeffident after gain control. 
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FIG. 6 
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